We present a compilation of radio, infrared, optical and hard X-ray (2-10kev) data for a sample of 90 Seyfert 2 galaxies(Sy2s) with spectropolarimetric observations (41 Sy2s with detection of polarized broad lines (PBL) and 49 without PBL). Compared to Sy2s without PBL, Sy2s with PBL tend to be earlier-type spirals, and show warmer mid-infrared color and significant excess of emissions (including the hard X-ray(2-10kev), [O iii]λ5007, infrared (25 µm) and radio). Our analyses indicate that the majority of Sy2s without PBL are those sources having less powerful AGN activities, most likely caused by low accretion rate. It implies that the detectability of the polarized broad emission lines in Sy2s may depend on their central AGN activities in most cases. Based on the available data, we find no compelling evidence for the presence of two types of Sy2s, one type of them has been proposed to be intrinsically different from Sy2s claimed in Unification Model.
Introduction
In the scheme of the standard unification model, Seyfert 1 and 2 galaxies (Sy1s and Sy2s hereafter) are intrinsically the same objects and the absence of broad emission lines in Sy2s is ascribed to the obscuration by a pc-scale dusty torus oriented along the line of sight (see the reviews by Antonucci 1993) . The observational evidence for this model includes the detection of polarized broad emission lines in some Seyfert 2 galaxies (Antonucci & Miller 1985; Tran 1995 and Young et al. 1996; Heisler et al. 1997; and Moran et al. 2000) , the detection of broad lines in the infrared spectra of some Sy2s (Rix et al. 1990; Ruiz et al. 1994; and Veilleux et al. 1997 ) and the detection of a prominent photoelectric cutoff in the X-ray spectra of Sy2s indicating the presence of large columns of gas along the line of sight (Koyama et al. 1989; Awaki et al. 1991; Maiolino et al. 1998; Risaliti et al. 1999) . However, recent investigations suggest that this strictest version of unification model needs modifications. Among them, we may find, for example, the outflowing wind model (Elvis 2000) , and the existence of two intrinsically different populations of Sy2s − the hidden Sy1 and the "real" Sy2 with a weak or absent Sy1 nucleus − ( Tran 2001) based on a spectropolarimetric survey of the CfA and 12µm samples of Seyfert 2 galaxies. Nevertheless, Antonucci (2001) strongly argued that the evidence claimed by Tran is quite uncertain.
With the improvement of the techniques and instruments for the spectropolarimetry, now people have observed a large sample of Sy2s with less bias (e.g. Heisler et al. 1997; Moran et al. 2000) . For the present, polarized broad lines (PBL) have been detected in several dozens of Sy2s, while not detected in other several dozens. Although such surveys are probably biased inherently since pre-selection was done according to the broad-band polarization, they still provide a largest sample for more meaningful analysis than before so that we may, or may not, find some compelling evidence for the proposed modifications, especially the presence of two types of Sy2s. That is what we would present in this paper.
In this work, we provide the multiwavelength data for a sample of 90 Seyfert 2 galaxies collected from recent literatures in §2, and compare the properties of host galaxies, infrared, radio and hard X-ray continua and [O iii] emission in §3. The implications and discussions on the results are given in §4, and conclusions in §5 .
The Sample
We collect all Seyfert 2 galaxies with available spectropolarimetric data from recent literature (from 1985 to 2002) , where 41 Sy2s with PBL and 49 without the detection of PBL are found. Just as most, if not all , Seyfert samples, the current spectropolarimetry sample of Sy2s (SPSS hereafter) is heterogeneous and cannot be considered complete, though it covers a wide range of AGN luminosities (about 4 orders of magnitudes).
The infrared and radio data for these SPSS sources are listed in Table 1 , which contains galaxy name (column 1); the IRAS color f 60 /f 25 (column 2); the 25 µm luminosity (column 3); the far-infrared (40 − 120 µm) luminosity (column 4), determined by (Lonsdale et al. 1985) L FIR = 3.75 10 5 D 2 (2.58f 60 + f 100 )
where D is the distance in Mpc (the Hubble constant is taken as 75 km s −1 Mpc −1 ), f 60 and f 100 are the flux densities at 60 µm and 100 µm in Jy; the radio powers at 1.49 GHz (column 5) from the NRAO/VLA Sky Survey (NVSS) (Condon et al. 1998) ; the mean revised morphological types (column 6) from the Third Reference Catalogue of Bright Galaxies (RC3, de Vaucouleurs et al. 1991) ; and the information for PBL (columns 7 and 8). Following , we adopt the infrared fluxes from BGS (Soifer et al. 1989; Sanders et al. 1995) for Sy2s with f 60 > 5Jy; from Strauss et al. (1990) for those with f 60 < 5Jy, and IRAS Faint Source Catalog (FSC, Moshir et al. 1992 ) for all other ones.
In Table 2 , we present the optical and hard X-ray information as the following: column 1, the galaxy name; column 2, the blue luminosity computed with the formula (Pogge & Eskridge 1993) log L B = 12.208 − 0.4B 0 T + log(1 + z) + 2logD where z is the redshift of the galaxy; column 3, the luminosity of H β emission; column 4, the luminosity of extinction-corrected
is the extinction-corrected flux of [O iii]λ5007 emission derived from the relation (Bassani et al. 1999 )
we assume an intrinsic Balmer decrement (H α /H β ) 0 = 3.0; column 5, the references for H β and [O iii]λ5007; column 6, gaseous absorbing column density (N H ); column 7, the absorption-corrected hard X-ray (2-10kev) luminosity for Compton-thin Seyfert 2 galaxies; column 8, the corresponding references; and column 9, Eddington luminosity acquired by L Edd = 1.51 10 38 M BH /M ⊙ ergs −1 . The central black hole masses are estimated by use of the M BH − σ relation by Merritt & Ferrarese (2000) , which is
Nuclear velocity dispersions (σ) are taken from Nelson & Whittle (1995) and McElroy (1995) if available.
The results

Properties of host galaxies
Following the approach taken by Storchi-Bergmann et al (2001) to evaluate the morphological type distribution for their Seyfert sample, we display the histogram distributions of morphological types for our Sy2s with and without PBL (SPSS1 and SPSS0 for simplicity hereafter) in Fig 1a and 1b, Gu et al. (2001) and Tran (2001) have derived the similar results for samples with smaller size.
Indicators of AGN activities
During the last two decades, there have been several attempts to determine which emissions are truly isotropic for Seyfert galaxies. Among various emissions at different wavelength bands, the [O iii]λ5007, infrared and hard X-ray (2-10kev) continua have been found (Dahari & De Robertis 1988 , Keel et al. 1994 , Mulchaey et al. 1994 , Alonso-Herrero et al. 1997 ) to indicate similar distributions for Sy1s and Sy2s, implying their isotropic properties so as to be good indicators of the intrinsic nuclear luminosity.
Recent investigation have found that about (30-50)% of Seyfert 2 galaxies show nuclear starburst activities (Storchi-Bergmann et al. 2000; Gonzalez Delgado et al. 2001) .It follows that the infrared radiation may not be a good indicator for AGN luminosity, because of the contamination from nuclear star-forming activities. On the other hand, the incomplete isotropy of [O iii] emission caused by obscuration from host galaxies brings about a suggestion (Maiolino et al. 1998 ) to take the extinction-corrected [O iii] luminosity as an indicator of the nuclear activity.
The same is true for the hard X-ray (2-10kev) continua, in a sense that they are heavily absorbed. About half of Sy2s in the Local Universe are Compton-thick with absorbing column densities N H > 10 24 cm −2 (Maiolino et al. 1998; Bassani et al. 1999; Risaliti, Maiolino & Salvati 1999) . In the case of Compton-thick Seyfert 2 galaxies, the direct hard X-ray continua are completely absorbed, implying that this indicator of AGN activities works well for Compton-thin sources only. What is more, the effect of absorption on X-ray emission should be corrected, such as deriving the extinction-corrected [O iii] mentioned above.
Statistics on hard X-ray − radio emissions
Following the above considerations, we perform statistics on various indicators of AGN activities for SPSS1 and SPSS0 subsamples. The results are illustrated in Fig 3 -Fig 6 , where one could find cumulative distributions of extinction-corrected [O iii] luminosities (in Fig 3) , mid-infrared flux ratios (f 60 /f 25 ), 25 µm luminosities and radio powers at 1.49 GHz (in Fig 4a, b and c), respectively. It is evident from the comparisons that SPSS1 differ from SPSS0 dramatically. The Sy2s with PBL (SPSS1) show more powerful [O iii] emission, much hotter mid-infrared color and significant excesses of 25 µm and radio emissions. Indeed, the KS test or GGW test shows that the SPSS1 and SPSS0 subsamples are drawn from the same parent population with a possibility P null < 0.0001. The statistical results are given in Table  3 .
In Fig 5, we show a plot of the absorption-corrected 2-10 kev luminosity vs extinctioncorrected [O iii] luminosity for Compton-thin Seyfert 2 galaxies in SPSS1 (in filled circles) and SPSS0 (in open circles) subsamples. It is instructive to find that Compton-thin Sy2s with and without PBL are located in separate regions. The mean log L 2−10kev for SPSS1 and SPSS0 sources are 43.0 ± 0.14 erg s −1 and 41.22 ± 0.32 erg s −1 , respectively, clearly indicating that the nuclear activities in SPSS1 are much more powerful than that in SPSS0. The GGW test of P null < 0.0001 provides full support to this claim. . It suggests that the accretion rates in SPSS1 sources might be higher than that in SPSS0 on average.
Discussions
It has long been known that L FIR /L B is a good star formation indicator for spiral galaxies (see, e.g. Gu et al. 1999; Lei et al. 2000) . We find that the distributions of L FIR /L B for SPSS1 and SPSS0 are similar, with the mean L FIR /L B of -0.275 and -0.298, respectively. It implies that the detectability of PBL does not directly relate to the star-forming activities in host galaxies. In fact, we may list both SPSS1 and SPSS0 sources showing nuclear starburst activities, e.g. Mrk 477, Mrk 533, IC 3639 in SPSS1, and NGC 5135, NGC 7130 in SPSS0 (Gonzalez ).
The detectability of a hidden BLR in Sy2s has been suggested (Heisler et al. 1997) having relation to the inclination of the torus determined by the 60 µm to 25 µm flux ratio. However, by comparing the column densities inferred from hard X-rays, Alexander (2001) argued against the direct relation of the detectability of the PBL to IR colors and claimed that the contribution from host galaxies would both make the IR color cooler and dilute the nuclear activity. In the mean time, Gu, Maiolino & Dultzin-Hacyan (2001) find that the detectability of PBL depends on the relative contribution/dilution from host galaxies. also suggested that the detectability of PBL is largely due to a combination of AGN activity, the obscuring density and the relative contribution of host galaxies.
By analyzing various indicators of AGN activities, we find in this work that mid-infrared, radio, hard X-ray, and [O iii] luminosities of SPSS1 are significantly larger than SPSS0, indicating obviously that the detectability of PBL is most likely due to the AGN activities. Indeed, the mean absorption-corrected X-ray luminosity in 2-10kev energy band for SPSS1 , L c 2−10kev ∼ 10 43 erg s −1 , is the typical X-ray luminosity for Seyfert 1 galaxies (Nandra et al., 1997) . The mean L c 2−10kev of SPSS0, on the contrary, is nearly 2 order of magnitudes smaller, most of them show very low accretion rates as Fig 6 illustrated . What we can infer from these analyses is that the majority of SPSS0 (Sy2s without PBL) sources are probably low-luminosity AGNs (LLAGNs). The more powerful the AGNs are, the easier it is to detect PBL, which is also consistent with our finding of the morphological difference of Sa from Sab between SPSS1 and SPSS0. Galaxies with earlier Hubble types have mirrors that are easier to be detected.
Our sample is an amalgamation of different observations with diverse quality of spec-tropolarimetric data, varying from object to object determined by the brightness, observers, integration time, and a host of other factors. For example, Ruiz et al. (1994) have found no evidence for broad H α and H β components in the polarized light for Mrk 334, yielding a maximum of ∼ 0.6% of the light in H α as polarized broad-line flux. For other Sy2s with detected polarized broad lines, the mean percentage of 1% -5% has been reported. Needless to say that it is necessary to evaluate the sensitivities to detect polarized broad lines in different groups from which our data are taken. The difficult situation we are faced with is that only one group (Young et al 1996) has presented detailed information for their polarized broad emission components, so that we can derive their sensitivity − the detected minimum polarized broad H α flux is 1.2 10 −15 erg s −1 cm −2 for NGC 7674 and their mean percentage of polarized broad H α emission to total H α emission is 4.7 ± 0.8 %. For three groups (Moran et al 2000 , Moran et al 2001 , Tran 2001 reporting no detailed polarized properties, to compare the common sources that they observed would be an adequate approach to evaluate their sensitivities. The analyzed results are summarized in Table 4 .
At first glance, one could find that there are 16 common Sy2s in both Tran's and Lumsden's samples and 13 in both Tran's and Moran's samples, and that detectabilities of PBL for these common sources are the same, which indicates comparable sensitivities of these three samples. On the other hand, 3 Sy2s (IRAS 00521-7054, IRAS 04385-0828 and NGC 5506) with PBL reported by Tran (2001) are not listed in Young's sample as Sy2s with PBL. What is more, two Sy2s (NGC 5347 and NGC 5929) listed as "non-HBLR" Sy2s in Tran's sample have been discovered (Moran et al. 2001) showing faint polarized broad emission lines with high S/N data.
The conclusions we could reach from the above analyses is that the sensitivity of Moran's sample (2001) is higher than that of Tran's (2001) , both of which are higher than that of Young's sample (1996) . Since the polarized fluxes of broad emission lines represent a certain fraction of the total flux, typically a few percents. it should be true to say that the Sy2s without detection of PBL would be preferentially harder to be detected for a given sensitivity. In other words, for less luminous Sy2s without detection of PBL, one would need to reach sensitivities that would allow us to detect the same percentage polarization. Therefore, to attribute those Sy2s without detection of PBL to non-hidden BLR in those sources would be premature. What we can point out clearly is that we have found no compelling evidence for the presence of two types of Sy2s as claimed by Tran(2001) . Antonucci (2001) has repeatedly made the point that, to be compelling, evaluations of one sample vs. another must be made for samples that are selected by a property which is thought to be isotropic. Due to the limitation of our sample selection (heterogeneous with different spectropolarimetric sensitivities), it is impossible to interpret our statistical results in the configuration of testing the unified model for AGN. On the contrary, the conclusions we reached above force us to claim at the present time that we have found no compelling evidence to argue for modifications to the unified model of AGN. The nondetection of PBL is probably due to the low AGN activities. Based on the analyses presented in this paper, we can not rule out the possibility of the combination of the weakness of AGN and commensurate obscuration/dilution from host galaxies (Lumsden & Alexander 2001 , Gu Maiolino & Dultzin-Hacyan 2001 .
Conclusions
In this paper, we collect radio, infrared, optical and hard X-ray data for a sample of 90 Seyfert 2 galaxies with spectropolarimetric observations. Out of these 90 objects, 41 show polarized broad lines (most likely ascribed to scattering of the broad line region) and 49 do not. Compared to Sy2s without PBL, Sy2s with PBL tend to be earlier-type spirals, and show warmer mid-infrared color and significant excess of emissions (including the hard X-ray(2-10kev), [O iii]λ5007, infrared (25 µm) and radio), while their distributions of blue luminosity and absorbing column density are similar. Our analyses suggest that the majority of Sy2s without PBL are those sources having less powerful AGN activities, most likely caused by low accretion rate. It implies that the detectability of the polarized broad emission lines in Sy2s may depend on their central AGN activities in most cases. Based on the available data, we find no compelling evidence for the presence of two types of Sy2s, one type of them has been proposed to be intrinsically different from Sy2s claimed in Unification Model. d Absorption-corrected 2-10 kev luminosities for Compton-thin Seyfert 2 galaxies in units of erg s −1 .
e Eddington luminosities in units of erg s −1 .
Note. -References: a91=Acker et al. 1991; a00=Awaki et al. 2000; b99=Bassani et al. 1999; c94=Cruz-Gonzalez et al. 1994; c00=Collinge & Brandt 2000; d85=Dahari 1985; d88=Dahari & De Robertis 1988; d92=de Grijp et al. 1992 b The numbers indicate the numbers of common Seyfert 2 galaxies and the numbers in parentheses are numbers of Sy2s with PBL c Only 6 Sy2s with PBL have been detected by Young et al. (1996) .
